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Abstract: This simulation represents a critical step in studying the waveform characteristics of the DC motor 

C42-L50 using a control system circuit with Linear Quadratic Regulator (LQR) and Linear Quadratic Tracking 

(LQT). Prior to initiating the simulation and data collection, a mathematical model was formulated using the 

datasheet of the DC motor C42-L50. Based on this model, further analysis was conducted, followed by 

simulations using MATLAB Simulink to explore and evaluate the differences between LQR and LQT in terms 

of the waveform or graphical characteristics of the DC motor. The analysis involved observing the simulation 

scope in MATLAB Simulink and experimenting with noise introduced into the system circuit. To align this 

study with community empowerment objectives, the findings aim to enhance the reliability and efficiency 

of DC motor applications in community service projects. For instance, the improved motor control facilitated 

by LQR and LQT methodologies can support the development of renewable energy solutions, agricultural 

automation systems, or other local technological advancements. This approach underscores the practical 

benefits of integrating advanced control systems into projects that promote sustainable community 

development. 
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Introduction 

Technological advancements in this 

era of globalization have brought significant 

benefits to various aspects of life[1]. Human 

activities today are greatly influenced by 

developments in science and technology. 

With the rapid progress in technology, many 

tasks can now be completed more efficiently. 

In the industrial sector, system optimization 

plays a crucial role in maximizing the 

performance of systems or tools, ensuring 

resources are utilized without 

inefficiency[2][3]. 

One of the key approaches in system 

optimization involves control methods such 

as the Linear Quadratic Regulator (LQR) and 

Linear Quadratic Tracking (LQT)[4][5]. These 

techniques are particularly valuable when 

using a DC motor as a plant in the system, 

enabling users to achieve desired results 

such as specific RPMs or frequencies[6]. 

Understanding the basics of DC motors is 

essential before diving into control system 

design [7]. A DC motor requires a direct 

current voltage supply to its field winding to 

convert electrical energy into mechanical 

energy. The field winding, known as the 

stator, remains stationary, while the armature 

winding, called the rotor, rotates[8][9]. When 

the armature winding rotates within a 

magnetic field, an electromotive force (EMF) 

is induced, generating a voltage that 

alternates direction with each half rotation, 

effectively producing an alternating 

voltage[10][11]. To maintain unidirectional 
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current flow, a commutator is used to reverse 

the phase of the voltage waveform, ensuring 

consistent energy delivery. The simplest form 

of a DC motor consists of a single-turn coil 

capable of rotating freely between the poles 

of a permanent magnet. 

The application of LQR and LQT in controlling 

DC motors offers numerous advantages for 

community service projects[12]. These 

optimized control systems can enhance the 

efficiency and reliability of DC motors used in 

initiatives such as renewable energy 

generation, water pumping systems for rural 

areas, or small-scale manufacturing units. By 

integrating advanced technological solutions 

into such projects, communities can achieve 

sustainable development, improved 

productivity, and reduced operational costs, 

thereby amplifying the impact of community 

empowerment efforts. 

Methodology  

1. DC Motor 

 
Figure 1. Dc motor 

 

 DC motors have two main parts, 

namely the stator and rotor. The stator is the 

non-rotating part of the motor, which 

consists of a frame and field windings[13]. 

While the rotor is the rotating part, this rotor 

part consists of an armature winding. These 

two main parts can be divided into several 

important components, namely yoke 

(magnetic frame), poles (motor poles), 

magnetic field coil (excitation coil), armature 

coil (excitation coil), anchor), switch (switch) 

and brush (brush/ carbon brush). 

 
Figure 2. Principal dc motor 

 

In principle, DC motors use electromagnetic 

phenomena to move[14]. If current is applied 

to the coil, the coil surface facing north will 

move towards the south magnetic pole and 

the coil facing south will move towards the 

north magnetic pole[15]. At this time, 

because the north pole of the coil meets the 

south pole of the magnet or the south pole 

of the coil meets the north pole of the 

magnet, an attractive force will occur which 

causes the coil's movement to stop. 

 

DC Electric Motor or DC Motor This produces 

a number of revolutions per minute or 

usually known as RPM (Revolutions per 

minute) and can be made to rotate clockwise 

or counterclockwise if the electrical polarity 

given to the DC Motor is reversed[16]. DC 

Electric Motors are available in various rpm 

sizes and shapes. Most DC Electric Motors 

provide a rotational speed of around 3000 

rpm to 8000 rpm with an operational voltage 

of 1.5V to 24V.  

 

DC motors require a direct voltage supply to 

the field coil to be converted into mechanical 

energy. In a dc motor there are two coils, 

namely the field coil which functions to 

produce a magnetic field and the armature 
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coil which functions as a place for the 

formation of electromotive force (emf E). If 

the current in the armature coil interacts with 

the magnetic field, a torque (T) will arise 

which will rotate the motor. 

 

2. Linear Quadratic Regulator (LQR) 

 Linear Quadratic Regulator (LQR) is 

an optimization method for determining the 

input signal that will bring a linear system 

from an initial condition x(t0) to a condition 

x(t) that will minimize a performance index, 

namely the quadratic performance index. The 

advantage of using the linear quadratic 

formula is the ease of analysis and 

implementation[17]. Some problems that are 

usually solved using this method are the 

problem of time minimization, fuel 

minimization, etc. [18]. In the design of the 

Linear Quadratic Regulator (LQR) optimal 

control technique for regulating dc motor 

speed, optimization of the performance 

index is carried out by adjusting the Q matrix 

value, which can then produce an optimal 

feedback reinforcement matrix K and 

tracking matrix L for the performance index 

of the dc motor. 

 

3. Linear Quadratic Tracking (LQT) 

 Linear Quadratic Tracking (LQT) is a 

control system designed to regulate its 

output so that it follows (tracks) a predefined 

trajectory specified through input signals. In 

the context of a quadrotor, the tracking 

process involves adjusting its altitude to align 

closely with the desired input response[19]. 

The system ensures that the quadrotor's 

altitude dynamics conform precisely to the 

given trajectory, minimizing deviations and 

optimizing control performance. This 

approach leverages advanced mathematical 

models and optimization techniques to 

achieve precise and efficient tracking, 

making it suitable for applications requiring 

high accuracy and stability in dynamic 

environments[20]. 

4. Specification motor  

The following is the datasheet for the DC 

motor type C42-L50 

 
Figure 3. Datasheet dc motor 

 

5. Mathematic model 

• Orde 1 

 For this 1st order method, it is 

hoped that researchers will find the 1st 
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order transfer function equation of the 

C42-L50 DC motor. Based on the 

following equation (1), the formula or 

form of order 1 can be seen: 

G(s) =
𝐾

𝜏𝑠+𝐾
…………………………..(1) 

𝐾  = Constant 

𝜏𝑠  = Torque 

 

The constant itself can be found using the 

following formula: 

𝐾 =
𝜏

𝐼
………………………………(2) 

K  = Constant 

τ  = Torque 

I = Current 

 

To get variable values starting from 

current and torque, researchers can look 

at the datasheet that has been 

determined in this research. In figure 2.2 

above, it can be seen that the current in 

the 054B-2 DC motor is 1.7A and the 

torque itself is 0.052 Nm. After getting the 

values of current and torque, researchers 

can substitute them into equation (2). 

 

After substituting into equation (2), you 

will get the value of K (constant). After 

that, the researcher can substitute it into 

equation (1) to get a value of order 1. 

 

• Orde 2 

For this next method, it is hoped that 

researchers can find the equation of order 

2. And based on equation (3), the form or 

formula of order 2 can be identified, as 

follows: 

G(s) = 
𝜔𝑛𝑠2

𝑠2+2ϛ𝜔𝑛𝑠+ 𝜔𝑛𝑠2……………………(3) 

From equation (3) there is ϛ which is the 

symbol for the damping ratio and ω is 

the symbol for the angular velocity. For 

the damping ratio, the value can be seen 

in the data sheet, while for the angular 

velocity itself, it is not known in the data 

sheet, in other words, researchers are 

required to find the value of the angular 

velocity using the following equation: 

𝜔𝑛 = 2 𝑥 𝜋 𝑥 𝑓……………………………(4) 

𝑓  = frequency 

𝜋 = phi 

After finding the results of the angular 

velocity using equation (4), researchers 

can enter the angular velocity value into 

equation (3). After that the value of order 

2 can be generated. 

After the researcher defines the LQR and 

LQT circuits, the next step is to carry out 

a circuit simulation to find out whether 

the previously determined equations 

match the simulation results. From the 

simulation results of the LQR and LQT 

circuits, researchers can analyze the 

simulation results using existing theory. 

The next stage of research is to add noise 

to the series in order to see how good the 

plant the researchers are using is. If noise 

is added, the simulation results should 

produce graphs that are more reduced 

than those without using a plant 

6. Modeling  

In system optimization, after obtaining or 

determining the general modeling or 

formula, namely order 1 and order 2, 

researchers can apply the required DC 

motor data into the formula. The following 

is the calculation for order 1: 
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• 1st order mathematical 

calculations on the 054B-2 DC 

motor 

From equation (1) and equation 

(2) researchers can obtain a 

model as follows: 

G(s) =
0.03 

0.052 + 0.03
 

 

To get the value of K, we need 

equation (2): 

 

𝐾 =
0.69

1.7
= 0.405 

After the calculation process 

using order 1 modeling is 

complete, the next step is the 

calculation using the MATLAB 

script: 

 
% OPTIMASI SISTEM LQR PADA MOTOR 

DC 
clear; 
clc; 
% Model Motor DC 
J = 0.09 %J=momen inersia 
b = 0.00349 %b=damping ratio 
K = 0.3248 %K=Konstanta torsi(Kt) 
R = 4 %R=resistansi 
L = 6.6 %L=induktansi 

  
A = [-b/J K/J; -K/L -R/L]; 
B = [0; 1/L]; 
C = [1 0] 

  
AA = [ A zeros(2,1); -C 0]; 
BB = [B;0]; 

  

% Pole Placement 
J = [-3 -4 -5]; 
K = acker(AA,BB,J); 
KI = -K(3); 
KK = [K(1) K(2)]; 

  
% Matrix LQR 
Q = [1 0 0; 

     0 1 0; 
     0 0 1000]; 

R = [1] ; 

  

K_lqr = lqr(AA,BB,Q,R); 
KI2 = -K_lqr(3); 
KK2 = [K_lqr(1) K_lqr(2)]; 

 

a.  LQR 

 
Figure 4. LQR Simulation 

1. LQR without noise 

 

Figure 5. LQR without noise 

2. LQR with noise 

 

Figure 6. LQR with noise 

Results and Discussions  

1. LQR 

a. Without Noise 

 
Figure 7. Graphic result LQR without noise 

In Figure 7 you can see the results, 

namely two graphs. The bottom graph is 

the input or set point given to the system 

with the value one (1). Meanwhile, the 

top graph is the step response model 
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value or result of the C42-L50 DC motor. 

The response value of the motor 

modeling steps using the LQT method 

reaches an amplitude of 1.001, and the 

time required for the results to reach a 

stable value is 4 seconds. The overstep in 

the results is 3646 n, while the understep 

in the LQR plot is without noise. is 

55821%. 

b. With Noise 

 
Figure 8. Graphic result LQR with noise 

In Figure 8 you can see a result, namely two 

graphs. The blue bottom graph is the input 

value or set point given to the system which 

has a value of one (1). Meanwhile, the graph 

above is the value or result of the step 

response from the modeling of the C42-L50 

DC motor. The value of the step response 

from the motor model reaches an amplitude 

of 1.98. The overshoot that occurred in the 

results was 49% and the undershoot that 

occurred in the LQR graph results without 

noise was 34%. 

2. LQT 

a. Without Noise 

 
Figure 9. Graphic result LQT without noise 

From the results of Figure 9, it can be seen that 

the bottom graph is the result of the value of the 

1st order transfer function in the SIMO circuit. In 

the simulation results there are 4 graphs, namely 

the plant results graph, sensor1, sensor2, and set 

point. The results from the plant produce a stable 

value of 0.6 with the time required to reach the 

stable value being 2.5s. For sensor1 and sensor2, 

the time value or time to reach the same stable 

point is 2.5s, but the two sensors have different 

results or graphs. Sensor1 has a stable value of 

0.3, while sensor2 has a stable value of 0.12. 

 

Conclusion 

From thetesting of the C42-L50 motor, it was 

observed that implementing the Linear 

Quadratic Regulator (LQR) method 

significantly improved the motor's response. 

This improvement is evident as the C42-L50 

motor rapidly achieved the desired set point, 

demonstrating a faster and more precise 

response compared to scenarios without the 

LQR method. In cases where the LQR method 

was not applied, the motor's response 

deviated considerably from the desired set 

point and required a longer duration to 

achieve a steady state. These findings validate 

the theory that the LQR optimization 

technique effectively enhances the 

performance of DC motor responses. 

However, when noise was introduced into the 

system, the LQR method exhibited limitations 

in maintaining optimal response performance. 

The response of the C42-L50 motor under LQR 

control, in the presence of noise, began to 

track the noise signals applied to the system. 

As a result, the response deviated from 

linearity, indicating susceptibility to 

disturbances. This highlights the need for 

additional measures, such as noise filtering or 

robust control strategies, to ensure the 
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stability and reliability of the motor's 

performance in real-world conditions where 

noise is inevitable. 

 

These findings have important implications for 

community service projects. The enhanced 

response characteristics of the DC motor 

using the LQR method can contribute to the 

development of reliable and efficient 

technological applications, such as renewable 

energy systems or automated tools in 

underserved communities. Addressing the 

limitations posed by noise would further 

strengthen the applicability of such systems in 

diverse community settings, ensuring 

consistent performance even under 

challenging conditions. 
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